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ENERGY GENERATION LOAD
COMPENSATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a Continuation of U.S. patent application Ser. No.
15/865,736 filed Jan. 9, 2018, which 1s a Continuation of

U.S. patent application Ser. No. 14/784,119 filed Oct. 13,
2015 and 1ssued as U.S. Pat. No. 9,906,037, which 1n turn 1s
a National Phase of Application No. PC1/AU2014/000425
filed Apr. 14, 2014, which claims the benefit of Australian
Patent Application No. 2013901278 filed Apr. 13, 2013, the
contents of which are each hereby incorporated by reference
herein 1n their entirety.

FIELD OF THE INVENTION

This mvention relates 1 general to renewable energy
generation within a utility grid. In particular, the present
invention relates to a system, method and apparatus for
renewable energy generation for the purpose of compensat-
ing the load from the utility grid and providing a network
protection device which incorporates 1solation from the
utility grid and the renewable energy system.

BACKGROUND OF THE INVENTION

It should be noted that reference to the prior art herein 1s
not to be taken as an acknowledgement that such prior art
constitutes common general knowledge in the art.

Electricity or power 1s an essential part of modern life. In
residences, 1n businesses, 1n nstitutions and in other loca-
tions, consumers use electricity 1n a variety of ways. Utilities
deliver power generated by power plants through a network
of transmission and distribution lines. This network 1s here-
inafter referred to as the “power transmission and distribu-
tion grid,” “the electric grid,” *“the grid” or “power gnd.”

Renewable energy 1s a practical and environmentally
conscious alternative to traditional utility production. One of
the more desirable renewable sources 1s solar power. Solar
equipment consumes no fossil fuels and generates no air
pollutants. The use of solar power 1s generally regarded as
environmentally safe. Utilities 1n most countries are required
(or voluntarily do so) for public policy reasons to credit or
actually buy excess power generated by a solar generating
system from a consumer. In addition to these benefits, solar
systems can provide customers with significant cost savings
in the long run. As an 1ncentive to install solar systems,
government entities may provide rebates or tax deductions
to customers who purchase and install solar systems.

Such programs have met with limited success for various
reasons most particularly the inability of some types of
energy users to curtail energy use and the lack of real-time
information regarding the immediate cost of energy usage.

The use of power generated from renewable energy
resources 1s rapidly increasing, attention 1s being focused on
systems and methods in which such power 1s produced,
transmitted, delivered, and consumed. The technology used
in developing renewable energy resources, electricity grids
and current energy infrastructure sufler from many limita-
tions.

Furthermore, as the demand for such power increases, and
regulatory requirements for use of “green” resources
become more prominent there 1s a growing need to provide
a usetul alternative or at least an improvement on what has
previously been done.
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In recent years, concerns have been raised that high
demand for electricity 1s taxing the capacity ol existing
clectricity generating plants.

Furthermore, concerns regarding the availability and
environmental safety of fossil and nuclear fuel are being
raised. As a result of the above factors, the price of elec-
tricity has been on a path of steady increase. Likewise, the
clectrical utility industry has for some time laboured under
the problem of supplying cost eflective power to comply
with system peak-demand period requirements.

Renewable energy systems have been used with gaining
popularity to resolve at least partially the peak-demand 1ssue
of the power grid. For example, a solar power system may
convert generated DC electricity from solar panels into AC
clectricity and be used to power electrical appliances. The
generated DC power 1s also converted to AC power by an
inverter so that power grid companies may purchase AC
power produced.

These systems are typically being developed for the home
or business which remains connected to the main electricity
orid, so any electricity that your system generates above
what you use 1s fed back into the grid. When you require
more e¢lectricity than you are producing, your system
imports i1t from the grid automatically. Your electricity bill 1s
calculated as the diflerence between the amount of electric-
ity you export from your renewable energy system and the
amount you import from the grid—you only pay for the
clectricity you use that 1s over and above what your renew-
able energy system produces.

At present, feed-in regulations or tarifls for renewable
energy exist in over 40 countries, states or provinces nter-
nationally, all involving the payment of a premium for the
clectricity fed into the grid from a variety of renewable
energy sources. These feed in tarifls (Fi1) are typically
applied 1n two forms. A first form 1s a gross FiT—whereby
all electricity generated from a renewable source 1s pur-
chased from the generator at a generous price, with the
generator buying-back any electricity they need to use from
the grid. The second form of F1T 1s a net FiT—whereby only
unused or surplus electricity 1s purchased from the genera-
tor.

In order to recover some of the expenses out laid 1n
converting to a grid fed renewable energy system users are
looking for ways to maximise the Fi'T benefit. Presently,
consumers are maximising their financial benefit by improv-
ing the energy efliciency of their home to export more
clectricity to the grid. This could be achieved by reducing
standby power consumption, switching to controlled load
tariils and minimising the use of energy intensive appliances
such as air-conditioners. The fact that the FiT payment levels
are performance-based puts the incentive on producers to
maximise the overall output and efliciency of their system.

The problems with current domestic solar grid feed sys-
tems 1s that they are creating problems on the energy
network regarding power quality and voltage spikes/abnor-
malities which requires expensive equipment to rectify it.

Furthermore domestic solar grnid feed systems are reduc-
ing the amount of power that can be sold by the generators
and distributors, yet the actual amount of energy produced
by the generators has to remain constant due to the fluctu-
ating nature of small scale solar energy production. This
means that the power generation companies and distributors
still have the same or higher network costs, yet their income
from selling and distributing the power has reduced. Thus
there have been increases seen 1n electricity bills for 1tems
such as service charges.
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Clearly 1t would be advantageous 1 a renewable energy
generation load compensation system, method and apparatus

could be devised that helped to at least ameliorate some of
the shortcomings described above. In particular, 1t would be
beneficial for a renewable energy generation load compen-
sation system to improve on these deficiencies in renewable
energy generation for the purpose of compensating the load
from the utility grid, or to at least provide a useful alterna-
tive.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention, there 1s
provided a method of controlling an inverter energy system
supplying power to a site, the inverter energy system con-
nected to a mains power supply and to a site load, the
method including

monitoring, at a monitoring point at the site, the forward
or reverse power flow 1nto or out of the mains power supply;

setting a rate limit for power flow 1nto or out of the mains
power supply; and

controlling the supply of power from the inverter energy
system so that the power flow 1nto or out of the mains power
supply 1s controlled to be within the rate limat.

The rate limat 1s preferably a set power consumption limit
of power flow out of the mains power supply in a forward
direction. The rate limit may include an upper limit and a
lower limiut.

The inverter energy system may include two or more
iverter energy strings, the upper power consumption limait
preferably selected to be at or larger than the expected
maximum power supply from an iverter of one of the
inverter energy strings.

The rate limit may be a set power export upper limit of the
power flow into the mains power supply.

The set power consumption lower limit may be at or close
to 0 kW, so as to approximately balance the rate of supply
of power from the inverter energy system with the rate of
power use by the site load.

The supply of energy from the inverter energy system
may include mechanically or electrically 1solating an
inverter ol one of a number of 1nverter energy strings of the
renewable energy source.

The inverter energy system preferably includes two or
more 1nverters and control of the supply of energy from the
iverter energy source includes mechanically or electrically
1solating one or more of the inverters. A first inverter of the
inverter energy system may be 1solated upon reverse power
flow or a fault condition being detected at the monitoring
point. A further inverter of the inverter energy system may
be 1solated upon a fault condition being detected at the
monitoring point, but the further inverter 1s not 1solated due
to reverse power flow being detected at the monitoring point.

Control of the supply of energy from the inverters of the
iverter energy system may be electronic digital control of
the power output from one or more of the inverters.

Monitoring the forward or reverse power flow into or out
of the mains power supply may include sensing the voltage
and/or a current at the monitoring point to sense the load on
the mains power supply.

The 1verter energy system preferably includes two or
more inverter energy strings, each inverter energy string
comprising a supply of renewable energy connected to an
inverter. The supply of renewable energy may be a photo-
voltaic/solar panel or an array of photovoltaic/solar panels.

The inverter energy system may include a first inverter
energy string and a further inverter energy string, the method
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including when power 1s 1n the forward direction connecting
said further inverter energy string to compensate for the
usage ol load from the mains power supply and when
forward power or load decreases 1solating said further
iverter energy string to prevent over generation from the
further energy string above the rate limat.

In accordance with a second aspect, the present invention
provides a controllable switch connectable to:

a voltage and/or a current sensing devices to sense the
load on a mains power supply; and

an 1nverter energy system in the form of a renewable
energy source comprising: a first series comprising at least
one renewable energy supply connected to a first inverter; at
least one further series comprising at least one further
renewable energy supply connected to a further inverter;

wherein the controllable switch 1s operable to monaitor, at
a monitoring point at the site, the forward or reverse power
flow 1nto or out of the mains power supply, and includes a
microprocessor programmed for setting a rate limit for
power flow mto or out of the mains power supply, the
controllable switch configured to be connected to the
inverter energy system so that the controllable switch 1s
operable to vary the supply of power from the inverter
energy system so that the power tlow into or out of the mains
power supply 1s controlled to be within the rate limat.

The microprocessor 1s preferably programmed to control
the energising and isolation of each series via contactors;
and wherein said first series and inverter are sized and
connected to export renewable energy to the mains power
supply, and said further series and inverters are switched
depending on the load or consumption on the mains power
supply reaching a set rate limit for power tlow 1nto or out of
the mains power supply.

The microprocessor preferably includes a communica-
tions port for communicating with the inverters to ramp the
inverters up or down so that the power tlow into or out of the
mains power supply 1s controlled to be within the rate limat.

In accordance with a third aspect, the present invention
provides a renewable energy generation load compensation
system comprising: a mains power supply; an auxiliary
energy source in the form of a renewable energy source
comprising: a first series comprising at least one renewable
energy supply connected to a first inverter; at least one
further series comprising at least one further renewable
energy supply connected to a further inverter; and a con-
tactor connected to each said inverter to electrically 1solate
and connect each said series to and from the system; a
controllable switch comprising: a voltage and/or a current
sensing devices to sense the load on the mains power supply;
an energising means connected to each said contactor to
1solate and energise each said series; and a microprocessor
programmable to control the energising and 1solation of each
series; a site power supply network adapted to be connected
to either the mains power supply or the renewable energy
source; and wherein said first series and inverter are sized
and connected to export renewable energy to the mains
power supply, and said further series and inverters are
switched depending on the load or consumption on the
mains power supply.

In accordance with a fourth aspect, the present invention
provides a renewable energy generation load compensation
system comprising: a mains power supply; an inverter
energy system in the form of a renewable energy source
comprising: a first series comprising at least one renewable
energy supply connected to a first inverter; at least one
further series comprising at least one further renewable
energy supply connected to a further inverter; and a con-
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tactor connected to each said inverter to electrically i1solate
and connect each said series to and from the system; a
controllable switch comprising: a voltage and/or a current
sensing devices to sense the load on the mains power supply;
an energising means connected to each said contactor to
1solate and energise each said series; and a microprocessor
programmable to control the energising and 1solation of each
series; a site power supply network adapted to be connected
to erther the mains power supply or the renewable energy
source; and wherein said first series and inverter are sized
and connected to export renewable energy to the mains
power supply, and said further series and inverters are
switched depending on the load or consumption on the
mains power supply reaching a set rate limit for power flow
into or out of the mains power supply.

In accordance with a fifth aspect, the present invention
provides a renewable energy generation load compensation
system comprising: a mains power supply; an inverter
energy system 1in the form of a renewable energy source
comprising: a first series comprising at least one renewable
energy supply connected to a first inverter; at least one
further series comprising at least one further renewable
energy supply connected to a further inverter; a controllable
switch comprising: a voltage and/or a current sensing
devices to sense the load on the mains power supply; a
communications link connected to each said inverter; and a
microprocessor programmable to control the power output
from each inverter via the communications link; a site power
supply network adapted to be connected to either the mains
power supply or the renewable energy source; and wherein
said first series and inverter are sized and connected to
export renewable energy to the mains power supply, and the
power output from said further series and mnverters 1s varied
depending on the load or consumption on the mains power
supply reaching a set rate limit for power tlow 1nto or out of
the mains power supply.

Preferably, the size of the first series and inverter may be
determined by the requisite feed in tariil. The system may be
connected to any single, two or three phase mains power
supply.

Preferably, the controllable switch may be designed to
continuously measure and monitor both forward and reverse
direction of power tlow 1n the mains power supply.

When power 1s 1n the forward direction the controllable
switch may connect said further series to compensate for the
usage of load from the mains power supply. When forward
power or load decreases the controllable switch may 1solate
said further series to prevent over generation from the
renewable energy source.

Preferably, the system may further comprise any one or
more of the following protection devices: (1) over voltage
protection; (11) under voltage protection; (111) over frequency
protection; (1v) under frequency protection; (v) differential
frequency protection between the phases; (v1) phase failure
protection; (vi1) rate of change of frequency protection; (vii)
voltage vector shift protection; or (vi1) reverse power flow
protection. Should any one of the protection devices be
energised the system may isolate and protect the mains
power supply. The microprocessor of the system may be
programmable to energise or de-energise the protection
devices. The microprocessor may include the protection
devices.

Preferably, the system may further comprise an event
logger to monitor and analyse each phase of the mains power

supply.
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Preferably, the system may further comprise the event
logger monitoring and analysing each phase of the renew-
able energy generation supply.

Preferably, the controllable switch may be programmed to
allow the requisite feed 1n tarifl to be exported with all series
connected to the mains power supply.

Preferably, the system may automatically disconnect from
the mains power supply in order to protect the mains power
supply from an 1slanding fault.

Preferably, the system may further comprise a grid load
measurement module which measures the grid load of the
mains power supply by measuring the frequency of the
mains power supply.

Preferably, the renewable energy source may be any one
or more of the following: (1) a solar energy source compris-
ing at least one photovoltaic panel; (11) a wind energy source
comprising at least one wind turbine; or (111) a hydro energy
source comprising a water source using the gravitational
force of falling or flowing water.

Preferably, the system may further comprise a data net-
work for transferring information between the controllable
switch, the mains power supply, the renewable energy
source, and the power supply network.

According to a further aspect, the present invention pro-
vides a method comprising managing renewable energy
generation load compensation by linking together a mains
power supply, a renewable energy source, and a site power
supply network through a controllable switch; said method
comprising the steps of: (1) monitoring the load on the mains
power supply; (11) connecting a first series and an mverter to
export energy to the mains power supply; (111) sensing the
load 1s 1n the forward direction connecting further series and
iverters to compensate the usage of the load 1n the mains
power supply; (1v) sensing a decrease in the load or forward
power and isolating the further series to prevent over gen-
cration irom the renewable energy source. Preferably, the
method may further comprise any one of the features of the
first aspect.

According to a still further aspect, the present mnvention
provides a renewable energy generation load compensating
apparatus comprising a non-transitory computer readable
media which stores computer instructions; and computer
instructions stored on said media accessibly to a micropro-
cessor ol a controllable switch device which links together
a mains power supply, a renewable energy source, and a site
power supply network through the controllable switch, the
instructions when executed on the microprocessor: (1) moni-
toring the load on the mains power supply; (i1) connecting a
first series and an 1nverter to export energy to the mains
power supply; (111) sensing the load i1s 1 the forward
direction connecting further series and inverters to compen-
sate the usage of the load in the mains power supply; and (1v)
sensing a decrease 1n the load or forward power and 1solating
the further series to prevent over generation from the renew-
able energy source.

According to a still further aspect, the present invention
provides a system for managing renewable energy genera-
tion load compensation comprising: a mains power supply;
a master controllable switch and at least one slave control-
lable switch; at least one dwelling comprising said at least
slave controllable switch, said at least one dwelling com-
prising: a renewable energy source comprising at least one
renewable energy source, at least one inverter, a contactor
connected to each said inverter to 1solate and connect each
said dwelling to and from the system, and a site supply
network connected to either the renewable energy source or
the mains power supply; wherein said master controllable
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switch controls the system by: (1) monitoring the load on the
mains power supply; (11) connecting at least one dwelling to
export energy to the mains power supply; (111) sensing the
load 1s in the forward direction; 1v) connecting a further
dwelling to compensate the usage of the load 1n the mains
power supply; (v) sensing a decrease 1n the load or forward
power and isolating the further dwelling to prevent over
generation from the renewable energy source.

Preferably, each master controllable switch and slave
controllable switch may further comprise: a voltage and/or
a current sensing device(s) to sense the load on the mains
power supply; an energising coil connected to each said
contactor 1n each dwelling to 1solate and energise each said
dwelling; and a microprocessor programmable to control the
energising and 1solation of each dwelling.

Preferably, the at least one dwelling connected to export
energy from the renewable energy source to the mains power
supply may be rated and size determined by the requisite
feed 1n tarifl. The system may be connected to any single,
two or three phase mains power supply. The master con-
trollable switch may be designed to continuously measure
and monitor both forward and reverse direction of power
flow 1n the mains power supply. The renewable energy
source may be any one or more of the following: (1) a solar
energy source comprising at least one photovoltaic panel;
(1) a wind energy source comprising at least one wind
turbine; or (111) a hydro energy source comprising a water
source using the gravitational force of falling or flowing
walter.

Preferably, the system may further comprise a data net-
work for transferring information between the master con-
trollable switch, the slave controllable switch, the mains
power supply, the renewable energy source, and the site
power supply network.

Preferably, the system may further comprise a multi-unit
installation comprising two or more dwellings. Each dwell-
ing may comprise a slave controllable switch and the
multi-unit installation has the master controllable switch to
continuously measure and monitor both forward and reverse
direction of power tlow 1n the mains power supply for the
multi-unit 1nstallation.

According to a still further aspect, the present invention
provides a renewable energy generation load compensation
system comprising: a mains power supply; a renewable
energy source with at least one renewable energy supply; a
site power supply network adapted to be connected to either
the mains power supply or the renewable energy source; an
inverter connected to each said renewable energy source,
said inverter comprising: a contactor connected to each said
inverter to electrically 1solate and connect each said renew-
able energy supply to and from the system; a controllable
switch comprising: a voltage and/or a current sensing
devices to sense the load on the mains power supply; an
energising coil connected to each said contactor to isolate
and energise each said renewable energy supply; and a
microprocessor programmable to control the energising and
1solation of each said renewable energy supply; and wherein
at least one of said renewable energy supplies 1s sized and
connected to export renewable energy to the mains power
supply, and said further renewable energy supplies are
switched depending on the load or consumption on the
mains power supply.

Preferably the system may be connected to any single,
two or three phase mains power supply. The inverter and
said controllable switch may be designed to continuously
measure and monitor both forward and reverse direction of
power flow in the mains power supply. The renewable
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energy source may be any one or more of the following: (1)
a solar energy source comprising at least one photovoltaic

panel; (1) a wind energy source comprising at least one wind
turbine; or (111) a hydro energy source comprising a water
source using the gravitational force of falling or flowing
water.

According to a still further aspect, the present invention
provides an integrated renewable energy system, compris-
ing: a mains power supply; a renewable energy source with
at least one renewable energy supply and an inverter con-
nected to the, or each, renewable energy supply; a site power
supply network adapted to be connected to either the mains
power supply or the renewable energy source; a load com-
pensation device comprising: a contactor connected to each
said 1nverter to electrically 1solate and connect each said
renewable energy supply to and from the system; a control-
lable switch comprising: a voltage and/or a current sensing
devices to sense the load on the mains power supply; an
energising coil connected to each said contactor to 1solate
and energise each said renewable energy supply; and a
microprocessor programmable to control the energising and
1solation of each said renewable energy supply; and wherein
at least one of said renewable energy supplies 1s sized and
connected to export renewable energy to the mains power
supply, and said further renewable energy supplies are
switched depending on the load or consumption on the
mains power supply.

Preferably, the load compensation device may be retro-
fitted to any type or size iverter to facilitate the load
compensation on the mains power supply.

The load compensation device may be part of the inverter
for the load compensation on the mains supply.

BRIEF DESCRIPTION OF THE

DRAWINGS

The present invention will be understood more fully from
the detailed description given heremafter and from the
accompanying drawings of the preferred embodiment of the
present invention, which, however, should not be taken to be
limitative to the invention, but are for explanation and
understanding only.

FIG. 1 1s a single line drawing for an energy load
compensation system 1n accordance with the present inven-
tion;

FIG. 2 1s a block diagram of the energy load compensation
system of FIG. 1;

FIG. 3 1s a schematic view of a three phase energy load
compensation system in accordance with the present inven-
tion;

FIG. 4 1s a schematic view of the energy load compen-
sation system of FIG. 3 with at least one inverter linked to
cach phase;

FIG. 5 shows a single line drawing, showmg the system of
FIG. 1 connected with the agreed feed 1n tarifl;

FIG. SA shows the system of FIG. 5 further including Full
and Zero control relays;

FIG. 6 shows a single line drawing showing the system of
FIG. 1 excluding the connection of the agreed feed 1n tariil;

FIG. 7 illustrates the load compensation device of FIG. 1
showing the switching of contactor coils of the system of
FIG. 3;

FIG. 8 shows the voltage sensing and input from the main
supply to the load compensation device of FIG. 3;

FIG. 9 shows the current sensing and input from the main
supply to the load compensation device of FIG. 3;

FIG. 10 shows a tlow chart of only the first inverter of the
system showing timing for connection and disconnection;
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FIG. 11 shows the flow chart for all inverters 1n the system
of FIG. 1;

FIG. 12 1llustrates the system of FIG. 1 installed in a
master slave relationship;

FIG. 13 shows a further embodiment of the present °
invention in which the renewable energy load compensation
device 1s installed within an inverter used in the renewable
energy Source;

FIG. 14 shows a single line drawing of the renewable
energy load compensation device installed within the
inverter of FIG. 13;

FIG. 15 shows the current sensing and mput of the current
sensing into the mverter of FIG. 13;

FIG. 16 shows the voltage sensing and mput of the
voltage sensing into the inverter of FIG. 13;

FIG. 17 shows a further embodiment in which the load
compensation device 1s installed as an add on or retrofit of
an iverter;

FIG. 18 shows a block diagram of the main components
of the load compensation device of FIG. 1;

FIG. 19 shows a block diagram of the main components
of the load compensation device of FIG. 13;

FIG. 20 shows a block diagram of the main components
of the load compensation device of FIG. 17;

FIG. 21 shows a schematic of a further embodiment of the
present 1nvention in which micro-mnverters are used to
replace conventional inverters;

FIG. 22 1s a schematic view of a further embodiment of
a three phase energy load compensation system 1n accor-
dance with the present invention;

FIG. 23 1s a schematic view of a further embodiment of
a three phase energy load compensation system with elec-
tronic power control 1 accordance with the present inven-
tion; and

FI1G. 24 shows a schematic view of a further embodiment
ol a three phase energy load compensation system which 1s
set up for energy export from one of the solar strings;

FIG. 25 shows a schematic view of a further embodiment
ol a three phase energy load compensation system which 1s
set up for full energy export from the inverter energy system;

FIG. 26 1s a schematic view of a further embodiment of
a three phase energy load compensation system including
clectronic power output control of the iverters and con- 45
trolled selective 1solation of energy strings of the inverter
energy system by contactors;

FI1G. 27 1s a schematic view of a further embodiment of
a three phase energy load compensation system including
clectronic power output control of the inverters via a data
link;

FIG. 28 1s a schematic view of a further embodiment of
a single phase energy load compensation system wherein
power output from the inverters to the single phase 1s
digitally controlled;

FIG. 29 1s a schematic view of a further embodiment of
a two phase energy load compensation system wherein
power output from some of the inverters to one of the two
phase 1s digitally controlled and power output from some of
the iverters to the other of the two phase 1s digitally
controlled; and

FIG. 30 1s a schematic view of a further embodiment of

a three phase energy load compensation system wherein
power output from some of the inverters to one of the three 65
phases 1s digitally controlled and power output from some of
the mverters to a second of the three phases 1s digitally
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controlled and power output the remaining inverters to a
third of the three phases 1s digitally controlled.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

The following description, given by way of example only,
1s described 1n order to provide a more precise understand-

ing of the subject matter of a preferred embodiment or
embodiments.

Described embodiments relate generally to methods, sys-
tems and apparatus for an energy generation load compen-
sation and computer readable storage configured to control
the performance of such methods, systems and apparatus.
The energy load compensation system 1s typically used for
Inverter Energy Systems, such as renewable energy solar
photovoltaic fed grid installations, for the purpose of com-
pensating the load from the mains supply grid and the
described embodiments are particularly suited to such pur-
poses. Embodiments are not, however, limited to such use.
For example, the Inverter Energy System at site may be an
array ol photovoltaic panels and inverter(s) as discussed,
wind turbine(s) and 1nverter(s), hydroelectric turbine(s) and
inverter(s), or any other energy source and iverter combi-
nation.

Photovoltaics (PV) 1s a method of generating electrical
power by converting solar radiation into direct current
clectricity using semiconductors that exhibit the photovol-
taic eflect. Photovoltaic power generation employs solar
panels 26 composed of a number of solar cells contaiming a
photovoltaic material. An Inverter Energy System in the
form of a PV system 8 comprises a number of solar strings
41, 42, 43, 44 and 45. Each solar string (or series) comprises
one or more photovoltaic (PV) panels 26 as a renewable
energy source, a DC/AC power converter or nverter 25,
electrical interconnections, and associated switches and con-
tactors 23, 24. The electricity generated can be either stored,
used directly (island/standalone plant), or fed into the elec-
tricity grid 11, or combined with one or many site renewable
energy generators to feed into a small grid.

Renewable energy 1s energy that comes from resources
which are continually replenished such as sunlight, wind,
rain, tides, waves and geothermal heat. Therefore the present
invention 1s not limited to any particular renewable energy.
For example, in addition to the solar systems, wind turbines
have also been employed to provide clean or renewable
energy. The wind turbine generates an AC power from the
kinetic energy of the wind through a system comprising a
rotator, a gearbox and a generator. The AC power 1s rectified
into a DC power and 1s further converted mto AC power
with the same frequency as the AC power from the power
orid. Likewise, hydroelectricity i1s the term referring to
clectricity generated by hydropower; the production of elec-
trical power through the use of the gravitational force of
falling or flowing water.

The following description will be described with refer-
ence to solar energy and the use of photovoltaic panels
however, the production of renewable energy 1s not limited
to only such use. Likewise, 1solation referred to in the
tollowing paragraphs refers to both electrical and mechani-
cal 1solation.

Therefore 1solation for both the mains grid and the
renewable energy supply may incorporate both mechanical
and electrical 1solation 1n order to protect both the main and
the renewable energy supplies and their associated compo-
nents.
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FIGS. 1 and 2 show a schematic diagram and a block
diagram of a renewable energy load compensation system
10 1n accordance with a first embodiment of the present
invention.

FIG. 1 shows a single line drawing of the mains power
supply 11 and FIG. 2 shows a block diagram of the main
components 1 the load compensation system 10. FIG. 3
shows a schematic diagram of a three phase mains power
supply 11 1n accordance with a first embodiment of the
present invention. In order to provide the compensation for
the load or sub circuits 16 on the mains power supply 11 the
present invention ncorporates a controllable switch 1n the
form of load compensation device 20 and associated cir-
cuitry. Reference to a “load compensation device” includes
reference to Consumption Export Controller, Load Compen-
sation Device or Export Control Device, Network Protection
Relay and Reverse Power Relay.

A mains power supply 11 provides mains electricity in the
form of general-purpose alternating-current (AC) electric
power supply. Worldwide, many different mains power
systems are found for the operation of household and light
commercial electrical appliances and lighting. The main
differences between the systems are primarily characterised
by their voltage, frequency, plugs and sockets (receptacles or
outlets), and earthing system (grounding).

Auxiliary power supply to the site comprises an Inverter
Energy System in the form of the PV system 8. The PV
system 8 includes five inverter energy strings, each mverter
energy string comprising a supply of renewable energy 26
connected to an mverter 25, 1 the form of five solar strings
41, 42, 43, 44, 45.

The mains power or grid supply 11 1s fed via transmission
lines 12 to a site. The site may be a domestic residence or
dwelling, factory or shop.

An electricity meter or energy meter 13 1s a device that
measures the amount of electric energy consumed by the
site. Incorporating renewable energy generating equipment
at the site, means a customer may be generating more
clectricity than required for his own use, the surplus may be
exported back to the mains power grid 11. Customers that
generate back into the “grid” usually must have special
equipment and satety devices to protect the grid components
(as well as the customer’s own) 1n case of faults (electrical
short circuits) or maintenance of the gnd (say voltage
potential on a downed line going into an exporting custom-
ers facility).

Power export metering 13 provides metering which 1s
capable of separately measuring imported and exported
energy as used or required.

Typically these meters 13 are a bi-directional 1mport/
export meter which can measure both how much electricity
1s used at site, and how much electricity gets fed back into
the grid 11 from the solar power system 8. A main switch 14
1solates the main power grid from the site sub circuits 16.
Likewise, the renewable energy main switch 15 isolates the
PV system 8 from the mains power supply 11 and the sub
circuits 16 of the site.

The renewable energy load compensation device 20 1s
designed to continuously measure and monitor both forward
and reverse direction and value of power tlow in the mains
power supply 11 to and from the site. The power tlow value
and direction 1s measured via a current transiformer 17
and/or voltage transformer 17. Alternatively the power tlow
can be measured directly by hard reference connection to the
power lines from the main switch 14 to the site sub circuits
16. The current and/or voltage transformer 17 may similarly
be a current and/or voltage transducer(s).
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When power 1s 1n the forward direction energy flows from
the grid supply 11 to the site and 1s consumed by the site sub
circuits 16 (consumption). When power 1s 1n the forward
direction, the load compensation device 20 will first connect
solar string 41 with the inverter 25 and solar array 26 to feed
the sub-circuits 16.

If further forward power or consumption 1s generated by
sub circuits 16, for example when the load from the sub
circuits 16 increase due to increased power use, load com-
pensation device 20 will energise further solar strings 42, 43,
44, 45 to compensate for the increased of load and additional
power use from the mains power supply 11. Likewise, when
torward power or load decreases, for example when the load
from the sub circuits 16 decrease due to decreased power
use, the load compensation device 20 will 1solate the further
solar strings 42, 43, 44, 45 to prevent over generation from
the Inverter Energy System 8. If no load 1s sensed by the
load compensation device 20, and the system 1s configured
for zero power export, the first solar string 41 will also be
1solated. Configuration of the load compensation device for
zero power export includes setting a power consumption
lower limit at or slightly over O kW. This means that the load
compensation device 20 will control the PV system 8 not to
export any net energy to the mains power supply. The lower
power consumption limit may be set slightly over O kW, for
example 0.1 kW, to take into account a margin of error in
measuring the flow of power, thereby to err on the side of
caution not to export any energy into the mains power
supply 11.

As an example of the above, the power consumption
lower limit 1s set to 0.1 kW, the load by the sub circuits 1s
a constant 11 kW (hypothetical) and the inverters 25 are
rated at 5 kW. When 1t 1s dark (at night) there will be little
or no power generation from the PV system 8, so all
iverters 25 will be connected (contactors closed). As the
sun rises power output from the PV system 8 will rise. Just
betore the power output from the PV system matches the 11
kW load (when the consumption lower limit of 0.1 kW 1s
reached), the load compensation device 20 will 1solate one
of the inverters 25 (contactor K5 open) to 1solate solar string
45 and thus step the power generation from the PV system
8 down. If the power from the PV system 8 need to be
stepped down again then the next solar string will be
isolated. If all inverters are producing 4 kW, for example
when 1t 1s sunny at midday, then only two solar strings (41,
42) would be connected (8 kW from the PV system 8
consumed by the 11 KW site load) and the remaiming three
solar strings (43, 44, 45) 1solated. As the sun goes down and
the inverters 25 produce less and less, the solar strings 43,
44, 45 are sequentially brought back online without going
over the 0.1 kW power consumption lower limat.

As 1s shown in FIG. 5§, when configured for export of
energy to the mains power supply 11, a first solar string 41
does not include contactor K1. If further forward power or
consumption i1s generated by sub circuits 16 load compen-
sation device 20 will energise further solar strings 42, 43, 44,
45 to compensate for the usage of load from the mains power
supply 11. Likewise, when forward power or load decreases
the load compensation device 20 will 1solate the further solar
strings 42, 43, 44, 45 to prevent over generation from the
renewable energy source 26. If no load is sensed by the load
compensation device 20, the first solar string 41 will also be
1solated.

In order to 1solate and energise the solar strings 41, 42, 43,
44, 45 the renewable energy load compensation system 10 of
FIG. 1 uses contactors 24 (K1 to K5) to selectively energise
or 1solate each solar string. A contactor 24 1s an electrically
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controlled switch used for switching a power circuit. The
contactor 24 1s controlled by an energising means or circuit
22, with separate circuits 22 used to energise each of the K1
to K5 contactors 24. The generator (renewable energy)
services board 40 also incorporates string 1solation switches
23 which open should an error condition or protection
device energise due to an over or under voltage, current or
frequency event occur. The switch 23 will 1solate and protect
cach solar string 41, 42, 43, 44, 45 to protect the inverters 235
and solar array 26. These string isolation switches 23 are
circuit breakers, also referred to as AC isolators for the
inverter, which will only activate on an over current load/
fault.

FIG. 3 shows a detailed schematic drawing of the load
compensation system 10 for a three phase mains power
supply 11. With any multi-phase system the components are
typically the same for each phase and similar to that of a
single phase system.

In FIG. 3 the load compensation device 20 shows the
sensing ol the load using current sensing 30 in the three
phases. The monitoring point 30.1 for current sensing 30 1s
on the load side, of the main switch 14. Current transformers
(CT) 31, 32, 33 are used for measurement of electric currents
in each of the phases. Voltage reference measurements are
taken at the monitoring point 30.1 by voltage monitoring,
reference lines 31.1, 32.1 and 33.1.

As discussed above the sensing of the load on the mains
supply 11 can be performed at the monitoring point 30.1 by
either current transformers (or voltage transtormers (V1)
(also known as potential transtformers (PT), which are
known as mstrument transformers. When current in a circuit
1s too high to directly apply to measuring instruments, a
current transformer produces a reduced current accurately
proportional to the current in the circuit, which can be
conveniently connected to measuring and recording instru-
ments. A current transformer also 1solates the measuring
instruments from what may be very high voltage in the
monitored circuit.

FIG. 3 also shows a number of circuit breakers 19, 21, 23
used to protect the respective circuits. The circuit breakers
19, 21, 23 are typically an automatically operated electrical
switch designed to protect an electrical circuit from damage
caused by overload or short circuit. Circuit breaker 19
provides a power input 18 to be fed to the load compensation
device 20 to provide AC power when the renewable energy
source 26 1s connected. Further protection devices 27, 28,
and 29 are used to 1solate and protect the respective com-

ponents from the system 10. The protection devices 27, 28
and 29 are 1solation switches.

FIG. 4 shows the three phase system of FIG. 3 with
inverters 25 on each phase. This provides the added advan-
tage of being able to compensate the load on a single phase
without affecting the other two phases. Therefore any one or
more of the phases of a multiple phase system can be
implemented to compensate for the load on that phase.

FIGS. 5 to 9 show the operation of respective parts of the
renewable energy load compensation system 10.

FIG. 5 illustrates the connection of each solar string 41,
42, 43, 44, 45 of the renewable energy source 26 with string
41 connected for export of energy to the mains power supply
11 1n line with the agreed feed in tanifl for the system 10.

FIG. 5A shows the system 10 including a Zero Export
contactor 82 and a Full Export contactor 84. The contactors
82, 84 are controlled by the load export device 20.

The Zero Export contactor 82 will be opened by the
device 20 when a fault condition 1s detected, including when
export 1s detected at measuring point 30.1.
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The Full Export contactor 84 1s a protection device for the
export solar string 41. The Full Export contactor 84 will be
opened by the device 20 when a fault condition 1s detected,
except for power export. The Full Export contactor 84 does
not trip when export 1s detected at 30.1, as the device 20 still
allows export of an agreed feed-in by solar string 41. The
first solar string 41 1s connected to the generator supply main
switch 15 at a connection so that 1solation of the further solar
strings (42 to 45) by contactor 82 does not 1solate the first
solar string 41 from the mains supply generator supply
switch 15.

FIG. 6 shows a similar schematic to FIG. 5, however all
iverters 25 are connected through the energising of con-
tactors 24, and therefore there 1s no export of renewable
energy to the mains power supply 11 if the lower consump-
tion limit of the load compensation system 10 1s set at O KW
Or more.

FIG. 7 shows the switching of the coils 22 to control the
contactors 24 (K1 to K5). For example, when consumption
1s generated by sub circuits 16 as sensed by the voltage or
current sensing 30, 34 the load compensation device 20 will
energise solar strings 41, 42, 43, 44, 45 to compensate for
the usage of load from the mains power supply 11.

FIG. 8 (voltage sensing 34) and FIG. 9 (current sensing
30) show the two forms of sensing the site load on the mains
power supply 11. In FIG. 8 the voltage 35, 36, 37 on each
phase of a three phase system 1s sensed and returned to the
load compensation device 20. The voltage sensing 34 can be
connected or 1solated from the system 10 by circuit breaker
38. FIG. 9 shows current sensing 30 using CT’s 31, 32, 33
on each phase of a three phase system.

FIGS. 10 and 11 show flow charts of the control process
and timing for the energy load compensation system 10.
FIG. 9 shows only the energising and de-energising of the
K1 contactor. FIGS. 9 and 10 shows the control process
wherein the load compensation device 20 1s programmed for
0 export and limited consumption. That 1s to say the load
compensation device 20 1s programmed with a lower con-
sumption limit of 0 kW and an upper consumption limit of
X kW.

The process starts at step 50 at which 0 kW of energy 1s
being consumed as measured at measuring point 30.1. If O
kW of energy 1s consumed for greater than 10 seconds,
contact or K1 remains de-energised. At step 52 1f consump-
tion 1s greater than X kW for a preset time period of 90
seconds then contactor K1 energises at step 53 to keep
consumption within the X kW upper consumption rate limat.
At step 55 1f consumption decreases to 0 kKW or greater,
meaning export, for more than 10 seconds then K1 de-
energises at step 36 and remains de-energised 1f no con-
sumption 1s sensed at step 58. At step 54, K1 remains
energised as consumption 1s greater than X kW for a preset
pertod of greater than 90 seconds. Step 56, K1 remains
de-energised, however 1f load becomes greater than X kW
for the preset time period then K1 1s energised at step 53.

FIG. 11 shows the flow chart for the energising and
de-energising of all strings 41, 42, 43, 44, 45. Steps 50 to 58
are the same as FIG. 10 and each string as represented by
steps 60, 61, 62 and 63 are replicated with the exception that
if energy continues above X kW then each contactor K1 to
K5 are energised respectively. Likewise as energy decreases
below X kW contactors K5 to K1 are de-energised. Alter-
natively and an advantage of the present system comprising
a programmable microprocessor 1n the load compensation
device 20, allows the order of energising to be changed and
any order may be programmed 1nto the load compensation

device 20.
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A designer of the system chooses X taking into account a
number of factors, including the design kW size of each
solar string 41 to 45. Purely as an example, 1f the solar
strings included a solar array 26 and inverter 25 capable of
producing 10 kW (assuming 100% efliciency), then X may
be selected to be 10.5 kW. This 1s to prevent a solar string
from being brought online only to be 1solated again (also
known as on-ofl cycling) because bringing the solar string
online causes the system to export energy (over the lower
export limit of 0 kW for the system). When consumption 1s
higher than the set rate of 10.5 kW for 90 seconds, K1 1s
energized, which brings 10 kW from the PV string 41 online.
A PV string 1s “online” when its associated contactor 24 1s
closed so that power from 1ts inverter 1s supplied. The
consumption (assuming the site load from sub-circuits 16
remain constant) will then fall below the upper consumption
limit o1 10.5 kW to 0.5 Kw (10.5 kW-10 kW=0.5 kW).) K1
remains energized unless the consumption changes to export
(exporting 1n reverse direction of power flow below the
lower consumption limit of 0 kW) or the consumption rises
above 10.5 kW again. The consumption can change to
export, because the load from consumer circuits 16 fall, or
the energy power supply from PV string 41 increases, or a
combination of these two factors. Similarly, the consump-
tion may rise above 10.5 kW again 11 the load from con-
sumer circuits 16 increase or the renewable energy power
supply from PV string 41 decrease, or a combination of these
two factors. If the consumption rises above 10.5 kW again
for more than 90 seconds, K2 1s energised to also bring PV
string 42 online.

The 10 kW solar string example given above assume
100% ethiciency of the solar string. In a real world solar
energy fed example of the system 10, the X value may be
chosen to be 1n the region of 87% of the design rating of the
solar string. That 1s because solar strings are never 100%
ellicient and rarely go over 87% of their rating. The 87% of
rated solar string power output as value for X allows the X
value to be more than the real world power output from the
solar string most of the time, 1f not all of the time. For a solar
string having a 10 kW rated inverter, the X value may thus
be chosen as 8.7 kKW as the solar string will rarely produce
more than 8.7 kW. A similar design methodology may be
applied for other renewable energy generation strings such
as wind turbines. In other examples of the system 10 where
the power generation from each string remains reasonable
constant (hydro energy for example) the X value can be set
marginally above the known constant power out of the
power generation string.

The above 1s an example of configuring the load com-
pensation device 20 as a limited consumption device or O
export device where the upper limit 1s set as 10.5 kW and the
lower limited for O export 1s set as 0 kW. The load com-
pensation device 20 thus controls the PV system 8 so that the
consumption 1s maintained in a set range between an upper
consumption limit and a lower consumption limit where
possible.

To configure the load compensation device 20 as a limited
export device, for example, an upper export limit 1s set as
export of X kW (reverse direction power flow). Up to X kW
can thus be exported from the PV system to the mains supply
11. If export goes above X kKW for a set amount of time the
load compensation device 20 will take one of the PV strings
oflline (1solate the PV string by opening associated contactor

4) to bring the export rate below the set export limat.

It will be appreciated that the example above relies on
isolation of the PV strings by switches K1-K5 to step the
power output from the PV system 8 up or down as controlled
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by the load compensation device 20. The output from the PV
system 8 may similarly be ramped/stepped up or down by
clectronically controlling the power output at each of the
inverters 23 by binary or digital control.

The 1nverters 25 may be controlled to have power at the
respective iverters 25 ramp up and down in parallel.
Alternatively the power output from just one of the inverters
25 may be ramped up or down, followed by ramping up or
down the power output from the other inverters one after the
other, to match the required power output from the PV
system 8 for the required load profile (to maintain consump-
tion/export within the consumption/export limaits).

Electronic control of the mverters 235 allow the inverters
235 to remain connected to the site circuits 16 (no isolation)
but have a power output varniable by the controller 20
between 0% and 100% power output. Rather than selective
1solation of the solar strings to manage the power output
from the PV system 8, the power output form the mverters
25 are controlled between 0% power output and 100%
power output. Control of the power output form the inverters
1s referred to as electronic control. Electronic control of the
iverters 25 provide for quicker power ramp up and ramp
down time when compared to stepped 1solation of the solar
strings. The power from the PV system 8 can also be
controlled 1n smaller increments/steps by electronic control
of mverter 25 output as compared to 1solation of the invert-
ers 25. Electronic control of the inverters 25, 90 can provide
almost 1nfinite control to throttle the power output (up or
down) from the PV system 8.

An example where a single inverter 90 1s controlled to
ramp up or down during load compensation 1s described
with reference to FIGS. 13 and 14.

FIG. 12 1llustrates another use of the present invention
with the energy load compensation system used as a master
and slave installation. Master/slave 1s a model of commu-
nication where one device or process, the master 70 has
unidirectional control over one or more other devices, slaves
73, 74, 75. The master load compensation device 70 has
control over each slave 73, 74 and 75. In each dwelling 46
a slave load compensation device 73, 74, 75 1s controlled by
respective contactors 72 (S1 to S3) which are energised and
de-energised by the master load compensation device 70.
Each dwelling has a renewable energy source 26 (PV array),
inverter 25, sub-circuits 16, and slave 1solation switch 23.
The master load compensation device 70 1s 1n control of a
mini-grid of grid connected renewable energy installations
as well as other loads 16. Like the load compensation device
20 the master load compensation device 70 has been
designed to continuously measure and monitor both forward
and reverse direction ol power tlow in the mains power
supply 11.

For example 11 export of renewable energy 1s connected,
when power 1s 1n the forward direction (consumption) the
master load compensation device 70 will connect first slave
73 with the 1inverter 235 and solar array 26 designed and sized
to the agreed feed 1n tarifl to export renewable energy fed to
the grid. I further forward power or consumption 1s gener-
ated by sub circuits 16 the master load compensation device
70 will energise further slaves 74, 75 to compensate for the
usage ol load from the mains power supply 11. Likewise,
when forward power or load decreases the master load
compensation device 70 will 1solate the further slaves 74, 75
to prevent over generation from the renewable energy source
26. 1T no load 1s sensed by the master load compensation
device 70 the first slave 73 will also be 1solated. It should be
identified by a person skilled 1n the art that any number of
slaves may be implemented and the order in which each
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slave 1s energised may also be changed, and that the present
invention only 1illustrates three slaves by way of example
only.

The power output from inverters 25 of the slave units may
similarly be electronically controlled by binary/digital con-
trol to ramp power up or down as required by the master or
slave controllers 70, 73, 74, 75.

An example use of the master slave configuration 1s in a
caravan park with rental caravans 46 and permanent sites
with privately metered installations 16 and other amenities
16 (other loads) such as toilets etc. As 1llustrated in FIG. 12
the master load compensation device 70 may monitor and
control the rental sites as slaves.

Another optional addition to the present system 1s the use
of a data network (not shown) to monitor and control the
transmission of data around the system 10. By way of
example and as illustrated 1n FIG. 12 the master controller
70 controlling each slave load compensation device 73, 74,
75 1n respective unit installations 46. A data network 1s an
clectronic communications process that allows for the
orderly transmission and reception of data in this present
invention this includes load sensed on the mains power
supply 11 and control signals to the respective installations
46. The data network could be etther a private data network
or a public data network designed to transfer data between
various 1nstallations 46.

The present mvention has been illustrated as a new
installation 1n which the load compensation device 20 and
70 are installed 1n various new 1installations with associated
components. The present invention also extends to an 1nstal-
lation 1n which only the conventional mverter 1s replaced
(FIG. 13) or a modulator device off the mverter (FI1G. 17) 1s
installed.

In FIG. 13 an inverter 90 comprising the load compen-
sation device 20 which can measure and monitor the load on
the mains power supply 11 by voltage and current sensing,
30, 34 and adjust the power output at the inverter 90. All of
the components being installed 1n the mmverter 90 during
manufacture. The present embodiment has been designed so
that the conventional inverter 25 can be replaced by inverter
90 1n accordance with another embodiment of the present
invention.

FIGS. 14 to 16 also show single line diagrams of the
present embodiment 1n which inverter 90 1s installed as well
as showing the voltage (FIG. 16) and current sensing (FIG.
15) and inputs into the mverter 90 from the voltage and
current sensing circuits.

FIG. 17 shows a further arrangement in which the load
compensation system 100 1s mstalled as a modulator device
101 off the inverter 25. In this arrangement the device 101
1s a separate device with the same capabilities as the
previous load compensation device 20, but supplied sepa-
rately from the inverter 25. In this arrangement the device
101 1s easily used as a retro-fit of an existing renewable
energy installation. Retrofit projects typically replace or add
equipment to existing installations to be able to continuously
measure and monitor both forward and reverse direction of
power tlow 1n the mains power supply 11. The modulator
device 101 provides a variable output to the mains supply 11
and to the loads 16 and can measure and monitor the load on
the mains power supply 11 by voltage and current sensing,
30, 34 and adjust the power output and/or reactive power
output at the modulator 101 in line with the load sensed.

FIGS. 18 to 20 show block diagrams of the respective
load compensation devices 20, 90, 100. In FIG. 18 shows the
load compensation device 20 including a microprocessor
111, a display 110, voltage and current sensing imnput termi-
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nals 112 with inputs from the voltage and current sensing 30,
34. Control relays 22 and output terminals 115 which
connect the control signal outputs 113 are also provided 1n
load compensation device 20.

FIG. 19 illustrates a block diagram of inverter 90 1includ-
ing microprocessor 111, a display 110, voltage and current
sensing input terminals 112 with mputs from the voltage and
current sensing 30, 34. Inputs from the renewable energy
source 76 (PV arrays) are fed to input terminals 116 and then

to both the microprocessor 111 and the electronic control
board/regulator 114 of the mverter 90. Outputs 113 and

control relays including output terminals are also provided at

115.

FIG. 20 illustrates the modulator 101 which includes
input from the inverter 25 and renewable energy source and
all the remaining componentry of the load compensation
device 20 including a microprocessor 111, a display 110,
voltage and current sensing mput terminals 112 with mputs
from the voltage and current sensing 30, 34. The electronic
control board/regulator 114 of the load compensation device
20 and outputs 113 and control relays including output
terminals are also provided at 115.

FIGS. 1 and 6 do not include export of energy to the mains
power supply 11. The K1 contactor may be programmed so
that a feed 1n tanifl and export are provided.

The inverters 25 used in the present invention and as
illustrated 1 FIG. 3 show a polyphase inverter 25. Alterna-
tively the present invention may also be implemented using
single phase mverters 25 on each phase. This provides the
added advantage of being able to compensate the load on a
single phase without affecting the other two phases. There-
fore any one or more of the phases of a multiple phase
system can be implemented to compensate for the load on
that phase.

Alternatively the inverter 235 can include a micro-inverter
120 as shown 1n FIG. 21 for each panel of a solar array 26.
A micro-mnverter 120 converts direct current (DC) electricity
from one or two solar panels 26 of a solar array to alternating
current (AC).

The output from several micro-inverters 120 1s combined
and often fed to the electrical grid. Micro-inverters 120
contrast with conventional string or central inverter devices,
which are connected to multiple solar panels.

Micro-inverters 120 have several advantages over con-
ventional central inverters. The main advantage being small
amounts ol shading, debris or snow lines on any one solar
panel, or even a complete panel failure, does not dispropor-
tionately reduce the output of the entire array. Each micro-
inverter harvests optimum power by performing maximum
power point tracking for its connected panel.

By way of example only, a micro-inverter 120 system can
be 1mplemented as shown in FIG. 21 where each micro-
inverter 120 1s treated as a slave and 1s controlled by a master
load compensation device 125. Likewise each micro-in-
verter 120 may have 1ts own load compensation device 20
for each photovoltaic module 26. This would be similar to
the embodiment described with reference to FIGS. 13 to 16
in which a micro-inverter 120 would replace inverter 90.

FIG. 22 shows another embodiment of the energy load
compensation system 10 including load compensation
device 20. The load compensation device 20 of FIG. 22
includes switches SW1, SW2, SW3, SW4, SW5 and SW6
for switching the contactors K1, K2, K3, K4, K5 and K,
respectively. The switches SW1 to SWé6 may also be used

for digital control of the power output from the inverters 23
as shown in FIG. 23.
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FIG. 23 shows an embodiment of the compensation
system 10 where the first four switches SW1, SW2, SW3,
and SW4 can be used for 4 bit digital control to vary the
power output from the inverters 25. Each switch SW1, SW2,
SW3 and SW4 1s connected to a respective digital control
input of the mverters 25. Each switch can be either on or off,
giving a 16 increments (4°) of controlled power output
between 0% and 100%. For example, the mnverters 25 can be
throttled to 0% power output when all of the switches SW1
to SW4 are opened (4 bit bimnary 0000). Similarly the
inverters may have full power output when all of the
switches SW1 to SW4 are closed (4 bit binary 1111). The

table below shows one example of the 16 mverter throttle

positions for the different on/off combinations of the
switches SW1 to SW 4.

SW1 0 1 0 1 0 1 0 1 0
SW?2 0 0 1 1 0 0 1 1 0
SW3 0 0 0 0 1 1 1 1 0
SW4 0 0 0 0 0 0 0 0 1
position 0 1 2 3 4 5 6 7 8
power 0% 13% 19% 25% 31% 38% 44% 350% 56%

The 1nverters 25 are controlled in parallel, meaning when

one mverter 1s throttled all the inverters are throttled as they
are all linked together to the switches SW1 to SW4.

The load compensation device 20 of FIGS. 22 and 13 also

includes a serial communications port 80. The serial port 80
can be connected via communications link to each of the

mverters 25 to electronically control variable power output
from the imverters 25. FIG. 27 shows the communications
port 80 connected to the inverters 25 via a data cable 86. The
inverters may, for example, be controlled using the RS485
standard.

The serial port 80 provides precise control of the power
output from the PV system 8. The load compensation device
20 can be configured for the power output from one mnverter
235 to be controlled separately from the power output of any
of the other inverters 25 via the senal port. For example, the
power output from one nverter 25 may be at 100%, the
power output of another inverter being ramped up and down
between 0% and 100% to follow the load profile of the load
(keeping the power flow at the measuring point 30.1 at or
close to the lower consumption limit) and the power output
of the remainder of the mverters set at 0%. Alternatively, the
load compensation device 20 can be configured for the %
power output of all of the mverters 25 one to be simulta-
neously controlled to be the same. For example, the power
output of all of the inverters 235 may be ramped up and down
between 0% and 100% simultaneously (all inverters has the
same % output at any given time) for the power output of the
PV system 8 to follow the load profile of the load.

The load compensation device 20 of FIG. 23 shows the
sensing of the load using current sensing 30 in the three
phases at monitoring point 30.1. The mverters 25 can be
clectronically controlled via the serial port 80 to vary the
power output 1n each phase supplied by the inverter 25. It the
load compensation device 20 measures the phases to be
unbalanced at monitoring point 30.1, one or more of the
inverters 235 can be controlled by the device 20 to balance the
three phase load to the mains supply 11. In particular, each
of the phases of power supply from an inverter 25 1is
individually controlled via the serial port 80 to balance the
three phase load. The device 20 1s thus operable to control
the inverters 25 to balance the three-phase load on site. Each
phase imndependently follows the load, the inverters 25 are
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controlled so that phase with higher load receirves more
power generation support from the inverters 25, resulting in
a balance of phases measured at the monitoring point 30.1.

The device of FIGS. 22 and 23 includes a Master Control
function. The Master Control Function includes two master
control relays MC1 and MC2 controlled by the micropro-
cessor 111 of the device 20. The master control relay MC1
1s operable to control zero export contactor KM1 (FIG. 22)
or K1 (FIG. 23), which corresponds to Zero Export contac-
tor 82 of FIG. 5A. When contactor KM1/K1 1s opened by
MC1, all of the generation from the solar power system 8 1s
1solated. The microprocessor 111 1s programmed so that zero
export contactor KM1/K1 will be opened by relay MC1 of
the device 20 when a fault condition 1s detected, including
when export 1s detected at measuring point 30.1.

0 1 0 1 0 1
1 1 U 0 1 1
0 0 1 1 1

1 1 1 1 U 1
10 11 12 13 14 15

69% 75% 81% B8% 94% 100%

FIG. 24 shows an example of the system 10 configured for
power export from the first solar string 41. The micropro-
cessor 111 1s programmed so that master control relay MC1
of the device 20 1s configured to trip (open) the contactor
KM1 (FIG. 24) upon any of the protection events, including
export. The microprocessor 111 is also programmed so that

master control relay MC2 of the device 20 1s configured to
trip (open) the contactor KM2 (FIG. 24) upon any of the
protection events, other export. Because the system 10 1s
configured to export power from the solar string 41, the
device will not trip contactor KM2 11 export (reverse tlow of
power) 1s detected at monitoring point 30.1. The first solar
string 41 1s connected to the mains supply 11 at a connection
so that 1solation of the further solar strings (42 to 435) by
contactor KM1 does not isolate the first solar string 41 from
the mains supply 11.

FIG. 25 shows an example of the system 10 configured for
tull export of power from the whole of the PV system 8. It
will be appreciated that all of the solar strings (including
inverters 23) of the PV system 8 of FIG. 25 are connected
to the mains supply via contactor KM1. The master control
relay MC2 of the device 20 1s configured to trip (open) the
contactor KM1 upon any of the protection events, other than
export protection. Because the system 10 1s configured to
export power from all of the solar strings, the MC2 will not
trip contactor KM1 1 export (reverse flow of power) 1s
detected at monitoring point 30.1.

Power output from the PV system 8 may be throttled, up
or down as required, either by 1solation (FIG. 22) of the PV
strings using the contactors K1 to K6, or by electronic
control (FIG. 23) of the power output from the inverters 26.

The system 10 may also use a combination of power
generation string 1solation and electronic control of the
power output by the inverters 25 of the strings by the load
compensation device 20. FIG. 26 shows the combination of
PV string 1solation control and digital inverter power output
control. The PV strings are taken oflline (disconnected from
the load) by mechanical isolation via the contactors K1 to
K6 and the PV strings which are online (connected to the
load) have their power output regulated by electronic control
from the load compensation device 20 via the serial port 80.
A system 10 wherein the device 20 1s configured for com-
bined 1solation and electronic control 1s usetul to 1solate an
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inverter 25 independently as needed or required. Being able
to digitally control output from the inverters 25 also assist in
preventing mechanical 1solation of the PV strings.

The systems 10 of FIGS. 22 to 27 include generator
current transformers 88 which are operable to measure the
generation by the PV system 8. The generator current
transiformers 88 are connected to mnputs 90 of the device 20.
The device 20 monitors the power generation of the PV
system 8.

The device 20 of FIGS. 22 to 27 may be incorporated 1nto
and/or form part of the inverter 90 of FIGS. 13 to 16.
Similarly, the device 30 of FIGS. 22 to 27 may be 1mncorpo-
rated into and/or form part of the modulator of FIG. 17.

The present invention also allows the consumer to con-
tinuously measure, control, and monitor both forward and
reverse direction of power tlow 1n the mains power supply.
With the use of a data network connecting a control system
having a computer readable program stored on the computer
the renewable energy load compensation system can be
automated or manually controlled by the consumer with the
use of a computer.

Also and as 1s sometimes the case, when the renewable
energy load compensation system 1s not connected for
export of energy to the mains supply the inverters may be
configured to whatever value desired by the consumer.

For example, a site may be configured for 6.73 kW
reverse power on one phase with 5.28 kW on a second phase
and 3.45 kW on the third phase. For all of the above options
the circuitry has been designed to be energised to connect.
Therefore 1f any fault or failure in the system occurs all
items are protected on de-energise. The present mmvention
provides a number of additional programmed protection
devices such as over voltage protection, under voltage
protection, over frequency protection, under frequency pro-
tection, differential frequency protection between the
phases, phase failure protection, voltage vector shift (VVS)
protection, rate of change of frequency (RoCoF) protection,
anti-islanding protection and reverse power tlow protection.
All of the above are programmable into the load protection
device 1n order to further protect and 1solate the system
should any one of the faults occur. This also applies to all
mechanical 1solation devices within the renewable energy
load compensation systems which are designed to be ener-
gised to connect and therefore on failure or faults will be
de-energised to protect both the mains power supply and the
renewable energy power supply and associated components.

The device 20 1s configured for the following protection
functions for the different protection events set out 1n the
paragraphs below with reference to the Zero Export device
of FIG. 22:

Over Voltage Protection 1n accordance with ANSI/IEEE
Standard Code 39. Over Voltage protection includes real
time monitoring and detection at monitoring point 30.1 of
abnormally high network voltage or checking for suflicient
voltage to enable closing relays/contactors operation. For
example, a detection of Over Voltage at 30.1 of between 255
Vrms and 260 Vrms will have the device 20 ramp down the
solar strings by 1solation via K1 to K6, in two seconds
intervals. The Master Control also opens Zero Export Con-
tactor 82 (KM1) after all the strings are 1solated and 1f the
protection fault remains.

Under Voltage Protection 1n accordance with ANSI/IEEE
Standard Code 27. Under Voltage protection includes real
time monitoring and detection at monitoring point 30.1 of
abnormally low network voltage. For example, detection by
device 20 of voltage under 200 Vrms will have the device 20
ramp down the solar strings by 1solation via K1 to K6, 1n two
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seconds 1ntervals. The Master Control also opens Zero
Export Contactor 82 (KM1) after all the strings are 1solated
and 11 the protection fault remains.

Over Frequency Protection in accordance with ANSI/
IEEE Standard Code 810. Over Frequency Protection
includes detection of abnormally high frequency compared
to the rated frequency. For example, detection by device 20
of Frequency above 52 Hz will have the device 20 ramp
down the solar strings by isolation via K1 to K6, in 1.5
seconds intervals. The Master Control also opens Zero
Export Contactor 82 (KM1) after all the strings are 1solated
and 11 the protection fault remains.

Under Frequency Protection 1in accordance with ANSI/
IEEE Standard Code 81U. Under Frequency Protection
includes detection of abnormally low frequency compared to
the rated frequency, to monitor power supply quality. The
protection may be used for overall tripping or load shedding.
Protection stability 1s ensured 1n the event of the loss of the
main source and presence of remanent voltage by a restraint
in the event of a continuous decrease of the frequency, which
1s activated by parameter setting. For example, detection by
device 20 of Frequency above below 48 Hz will have the
device 20 ramp down the solar strings by 1solation via K1 to
K6, in 1.5 second intervals. The Master Control also opens
Zero Export Contactor 82 (KM1) after all the strings are
1solated and 11 the protection fault remains.

ROCOF Rate of change of frequency in accordance with
ANSI/IEEE Standard Code 81R. Rate of change of ire-
quency protection includes fast disconnection of a solar
string. It 1s based on the calculation of the frequency
variation, it 1s msensitive to transient voltage disturbances.
The device 20 measures the actual reading of frequency and
compares 1t with the previous frequency measured to see the
frequency variation. In case the frequency changes more
than a certain set point, for example 0.4 Hz/second, within
a certain amount of time 1t will ramp down the solar strings
by 1solation via K1 to K6, in 1.5 second intervals. The
Master Control also opens Zero Export Contactor 82 (KM1)
after all the strings are 1solated and if the protection fault
remains.

VVS Voltage Vector Shiit Loss of Mains. The Voltage
Vector Shift functions detects zero crossings of the voltage.
It compares the calculated zero crossing from the previous
periods with the latest zero crossing. If the diflerence 1s
larger than the set point, for example 8 degrees, it will
activate the respective CEC Action. Set Point 8 degrees, it
will ramp down the solar strings by 1solation via K1 to K6,
in 1.5 second intervals. The Master Control also opens Zero
Export Contactor 82 (KM1) after all the strings are 1solated
and 1f the protection fault remains. Diflerential Frequency 1n
Phases. 11 the device 20 measures more than, for example 1
Hz between phases, it will ramp down the solar strings by
1solation via K1 to K6, 1n 1.5 second intervals. The Master
Control also opens Zero Export Contactor 82 (KM1) after all
the strings are 1solated and 1 the protection fault remains.

With reference to FIG. 24, Full Export contactor 84
(KM2) will open at the same time as the Zero Export
Contactor 82 (KM1) opens for the fault conditions described
above with reference to FIG. 22. Full Export contactor 84
(KM2) will not, however, open upon the condition being
export of power through monitoring point 30.1, whereas the
Zero Export Contactor 82 (KM1) will open on the condition
being export of power.

It 1s also envisaged that a data logger to log and graph
cach phase of the monitoring point and each phase of the
generation point over a predetermined time scale. A data
logger or data recorder 1s an electronic device that records




US 11,043,816 B2

23

data over time or in relation to location either with a built 1n
instrument or sensor or via external instruments and sensors.
The data logger can be based on a digital processor (or
computer). The data logger may be a small, battery powered,
portable, and equipped with a microprocessor, internal or 3
removable memory for data storage, and sensors. The data
logger may interface with a personal computer and utilize
soltware to activate the data logger and view and analyse the
collected data.

Data 1s typically collected 1n one minute intervals. The 10
collected data can be processed to provide information such
as one or a combination of; graphs in amps, kVA, kWatts,
total of kWatt hrs for Consumption, Export, Generation,
Total usage for the monitored site, Voltage values, Power
Factor, Peak Demand with value and time for each day, in 15
digital control the % value of power output of inverters and
connected relays.

Likewise the data logger may have a local interface
device (keypad, LCD) and can be used as a stand-alone
device. The ability of the present invention to monitor power 20
flow at a point and adjust the current output of the inverter
1s particularly important when considering the real and
reactive power flow to the load and as shown in FIG. 13
(inverter 90) and FIG. 17 (modulator 101) the present
invention also extends to the monitoring of the reactive 25
power or power factor at the same point or any other relative
point and the ability to adjust the supply of reactive power,
power factor or phase position of the current output to suit
the load. The device 20 of FIGS. 22 to 26 may similarly
monitor and control reactive power relative to set power rate 30
limits as 1s described for active power and control the
mverters 25 to assist 1n power factor correction.

Typically, any practical load will have resistance, induc-
tance, and capacitance therefore both real and reactive
power will flow to the load. The ratio between real power 35
and apparent power 1n a circuit 1s called the power factor. It
1s a practical measure of the efliciency of a power distribu-
tion system.

The power factor 1s unity (one) when the voltage and
current are in phase. It 1s zero when the current leads or lags 40
the voltage by 90 degrees. Power factors are usually stated
as “leading” or “lagging” to show the sign of the phase angle
ol current with respect to voltage.

The renewable energy load compensation system of
FIGS. 13 and 17 which incorporates the monitoring of the 45
power factor, the power factor would typically be between
—-0.8 to +0.8 monitored at the monitoring point and sup-
ported by the output of the mverter 90 or modulator 101.
Similarly, the device 20 of FIGS. 26 and 27 monitors the
power factor at the monitoring point 30.1 and electronically 50
controls the output of the inverters 25 (via communications
port 80) to correct the power factor.

Each device 20 of Figures 1s designed to control and
monitor either single phase, two phase or three phase PV
systems 8. 55

FIG. 28 shows a single phase energy load compensation
system 10 wherein power output from all the imnverters 25 are
connected to a single phase and digitally controlled.

FIG. 29 shows a two phase energy load compensation
system 10 wherein power output from the inverters 25.1 are 60
connected to one of the two phases and power output from
the inverters 25.2 are connected to the other of the two
phases. The inverters 25.1 and 25.2 can be digitally con-
trolled by the device 20 to balance the phases and correct the
power factor. 65

FIG. 30 shows a three phase energy load compensation
system 10 wherein power output from the mverters 235.1 1s
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connected to the first phase, the power output from the
inverters 25.2 1s connected to the second phase and the
power output from the mverters 25.3 1s connected to the

third phase. The inverters 25.1, 25.2 and 25.3 can be

digitally controlled by the device 20 to balance the phases
and correct the power factor.

Advantages

By using renewable energy systems to power your home
or business you are reducing greenhouse gas emissions and
your electricity bills. The present mmvention provides the
added advantage of being able to allow additional solar
generation 1 an installation to be used for the purpose of
compensating the load from the grid only.

Furthermore the present invention monitors and protects
the grid by way of isolation from unwanted exporting of
over generated renewable energy. The load compensation
device 1 accordance with the present invention allows for
the continuous measuring and monitoring of forward and
reverse direction of power supply 1n the mains power supply
of an installation. The present invention manages and limits
the export of power to the mains supply by way of 1solation
or digital control of the mverter power output. Likewise both
the renewable energy source and componentry and the
mains power componentry are energised to connect there-
fore any fault or failure 1n the system all 1tems are protected
on de-energise.

The present invention also extends to the retrofitting of
existing 1nstallations therefore allowing for the extended
ability to easily fit the present invention to an mverter in a
renewable energy system. Likewise upon failure of an
inverter the present invention extends to the fitting of a new
inverter with the load compensation circuitry installed
within the 1nverter.

The abaility of the present invention to monitor power flow
at a point and adjust the current output of the inverter is
particularly important when considering the real and reac-
tive power flow to the load. A number of advantages exist in
the ability to monitor the reactive power or power factor at
the same point or any other relative point and the ability to
adjust the supply of reactive power, power factor or phase
position of the current output to suit the load. Apart from
power factor correction, current loads and minimising volt-
age rises the present invention also allows the network or
retailer who supplies the power the ability to minimise
voltage rise 1ssues on the network created by the renewable
energy site, mimimise power quality issues transposed to the
renewable energy site and also minimise taking needed
reactive power from the grid. For the networks, suppling
reactive power 1s an expense and 1s not something they can
properly measure and charge for.

The present invention provides a consumer with the
ability to manage the output of their renewable energy
supply using the AC side and the load on the mains supply.

Vaniations

It will be realized that the foregoing has been given by
way ol illustrative example only and that all other modifi-
cations and variations as would be apparent to persons
skilled 1n the art are deemed to fall within the broad scope
and ambit of the invention as herein set forth.

In the specification the term “comprising’” shall be under-
stood to have a broad meaning similar to the term “includ-
ing”” and will be understood to imply the inclusion of a stated
integer or step or group of integers or steps but not the
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exclusion of any other integer or step or group of integers or
steps. This definition also applies to variations on the term
“comprising” such as “comprise” and “comprises”.

The invention claimed 1s:

1. A method of controlling an inverter energy system
including one or more mverters supplying power to a site,
the verter energy system connected to a mains power
supply and to a site load, the method including

monitoring, at a monitoring point at the site, the forward

or reverse power tlow 1nto or out of the mains power
supply:

setting a rate limit for power flow 1nto or out of the mains

power supply; and

controlling the supply of power from the imverter energy

system so that the power flow nto or out of the mains
power supply 1s controlled to be within the rate limat,
wherein the rate limait 1s a set power consumption limit of
power flow out of the mains power supply; and
wherein control of the supply of energy from the inverter
energy system includes electronic control of the power
output {from one or more of the inverters.

2. The method of claim 1, wherein the set power con-
sumption limit 1s an upper limuit.

3. The method of claam 1, wherein the set power con-
sumption limit 1s a lower limat.

4. The method of claam 3, wherein the set power con-
sumption lower limit 1s at or close to 0 kW, so as to
approximately balance the rate of supply of power from the
inverter energy system with the rate of power use by the site
load.

5. The method of claim 2, wherein the mverter energy
system 1ncludes two or more inverter energy strings, the
upper power consumption limit selected to be at or larger
than the expected maximum power supply from an inverter
of one of the inverter energy strings.

6. The method of claim 1, wherein the rate limit includes
the set power consumption limit and a set power export limit
for power tlow 1nto the mains power supply.

7. The method of claim 1, wherein control of the supply
of energy from the inverter energy system includes mechani-
cally or electrically 1solating an inverter of one of a number
ol inverter energy strings of the iverter energy system.
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8. The method of claim 7, wherein the inverter energy
system 1ncludes two or more inverters and control of the
supply of energy from the inverter energy source includes
mechanically or electrically 1solating one or more of the
iverters.

9. The method of claim 8, wherein a first inverter of the
inverter energy system 1s 1solated upon reverse power tlow
or a fault condition being detected at the monitoring point.

10. The method of claim 9, wherein a further inverter of
the inverter energy system 1s 1solated upon a fault condition
being detected at the monitoring point, but the further
inverter 1s not 1solated due to reverse power flow being

detected at the monitoring point.
11. The method of claim 1, wherein the control of the

supply of energy from the inverter energy system further
includes mechanically or electrically 1solating one or more
of the mverters.

12. The method of claim 11, wherein the electronic
control of the power output from an 1inverter 1s digital control
of the inverters.

13. The method of claim 1, wherein the electronic control
of the power output from an 1nverter 1s digital control of the
iverters.

14. The method of claim 1, wherein monitoring the
torward or reverse power tflow 1nto or out of the mains power
supply 1includes sensing the voltage and/or a current to sense
the load on the mains power supply.

15. The method of claim 1, wherein the inverter energy
system includes two or more nverter energy strings, each
inverter energy string comprising a supply of renewable
energy connected to an iverter.

16. The method of claim 14, wherein the supply of
renewable energy 1s an array of photovoltaic panels.

17. The method of claim 1, wherein the inverter energy
system 1ncludes a first inverter energy string and a further
inverter energy string, the method including when power 1s
in the forward direction connecting said further inverter
energy string to compensate for the usage of load from the
mains power supply and when forward power or load
decreases 1solating said further inverter energy string to
prevent over generation from the further energy string above
the rate limiat.
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